Introduction
Macrophages (Mφ) constitute a major component of immune-cell infiltrates seen in virtually all malignancies, and the tumor-associated Mφ (TAM) are almost entirely derived from circulating monocytes (1, 2) . Compelling evidence from human and experimental tumors indicates that TAM release a broad array of cytokines, growth factors and enzymes to promote the proliferation and metastasis of cancer cells (3, 4) . Accordingly, clinical studies have shown a significant correlation between TAM density and poor prognosis in most solid tumors (5, 6) . In contrast to Mφ in normal or inflamed tissues that possess spontaneous anti-tumor activity, TAM exhibit distinct phenotypes with diverse functional programs in response to different environmental signals (7, 8) . We have recently found that soluble tumor-derived factors can alter the normal development of APCs that is intended to induce early activation of monocytes and ultimately impaired their differentiation and activation (9, 10) . This temporal preactivation is triggered by a mechanism different from that associated with LPS, but the precise underlying signaling events are not yet clear.
The activation status of monocytes/Mφ is primarily controlled by transcription factors, of which NF-B is the best-known regulator for TAM dysfunction and can serve as the molecular link between inflammation and tumor progression (11, 12) . In addition to NF-B, C/EBP has also been implicated in the regulation of Mφ functional maturation and cytokine production (13) . C/EBP is a member of C/EBP family of leucine zipper transcription factors, and it plays pivotal roles in coordinating the expression of a wide variety of genes that control immune responses (14, 15) . C/EBP is transcribed from an intronless gene, and a single transcript is translated into three different isoforms (38 kDa LAP*, 35 kDa LAP and 20 kDa LIP) with the same 3'UTR sequence (16) . Although not directly relating to TAM, C/EBPβ was found to regulate the production of inflammatory mediators by Mφ, including cyclooxygenase-2 and various cytokines; and C/EBPβ-deficient mice exhibit defects in Mφ activation and differentiation (17) .
MicroRNAs (miRNAs) are noncoding RNAs that can regulate the expression of protein-coding genes at post-transcriptional level through imperfect base-pairing with the 3'UTR of target mRNAs (18) . Growing evidence now suggests that miRNAs regulate a wide range of biological processes, including those linked to cancer and immunity (19) (20) (21) (22) . Because TAM expressed a distinct and unique gene expression profile, the tumor microenvironments may alter the phenotype of monocytes/Mφ through miRNAs. However, it is presently unclear if miRNAs become altered in monocytes after their exposure to tumor environment and how miRNAs regulate the functional activities of these cells.
In this study, we observed an elevated expression of C/EBP in tumor-infiltrating Mφ in various human carcinomas as well as in monocytes activated by tumors. The expression of C/EBP protein is inversely correlated with miR-155 expression in monocytes after exposure to tumor environment. Moreover, we found that miR-155 could suppress the expression of C/EBP by directly targeting its 3'UTR and that introduction of miR-155 significantly attenuated the cytokine production in tumor-activated monocytes. These results suggest that tumor environments may regulate the functional activities of monocytes by decreasing the miR-155 expression to release its translational inhibition of transcript factor C/EBP.
Materials and Methods

Cell lines and preparation of tumor culture supernatants
Human hepatoma (SK-Hep-1 and HepG2), cervical (HeLa), transformed embryonic kidney (293T), and acute monocytic leukemia (THP-1) cell lines were obtained from American Type Culture Collection (Manassas, VA); glioma (U251), and lung carcinoma (95D) cell lines were from the cell bank of Chinese Academy of Sciences (Shanghai, China). All cells were proved to be mycoplasma free as routinely tested by a single-step PCR method (23) , and they were maintained in complete medium composed of RPMI 1640 (or DMEM, Hyclone, Logan, UT) supplemented with 10% FBS. Tumor culture supernatants (TSNs) were prepared as previously described (9) .
Isolation and culture of monocytes
Human peripheral blood mononuclear cell (PBMC) were isolated from buffy coats derived from healthy donors by Ficoll density gradient centrifugation as described previously (24) . The cells were incubated in DMEM alone at 4 × 10 6 /well in 24-well plates for 1.5 h, then washed and cultured in DMEM containing 10% human AB serum for 16 h to remove residual lymphocytes. Thereafter, the monocytes in DMEM containing AB serum were incubated in the presence of 15% TSNs, or medium alone for 6 to 8 days to obtain Mφ. Ten ng/ml of LPS was used to activate monocytes, and where indicated, the cells were pretreated with 10 g/ml polymyxin B before exposure to LPS or TSNs.
RNA extracts, RT-PCR and quantitative real-time PCR
Expression of mRNA was determined by reverse transcription-PCR (RT-PCR). Total RNA was isolated using Trizol reagent (Invitrogen, Carlsbad, CA) and subsequently treated with RNase-free DNase I (Fermentas, Vilnius, Lithuania). For mRNA analysis, aliquot containing 2 g of total RNA was transcribed reversely using MMLV reverse transcriptase (Fermentas). The specific primers used to amplify C/EBP and GAPDH are as follows: C/EBP, 5'-TCT CTG CTT CTC CCT CTG CC-3' and 5'-ACA GCA ACA AGC CCG TAG G-3'; GAPDH, 5'-CAC CAT CTT CCA GGA GCG AG-3' and 5'-GGG GCC ATC CAC AGT CTT C-3'. GAPDH was amplified together with C/EBP in the same reaction to serve as an internal control. PCR products were resolved in 1.5% agarose gel and visualized by ethidium bromide staining.
Expression of mature miRNAs was determined by miRNA-specific quantitative real-time PCR (qRT-PCR) according to the manufacturer's instruction (Ambion, Austin, TX). cDNA was synthesized from 100 ng of total RNA using gene-specific primers for mature miR-155 and U6 snRNA. The expression of miR-155 relative to U6 snRNA was determined with SYBR green real-time quantitative PCR assay performed in an ABI Prism 7900HT Sequence Detection System (Applied Biosystems, Foster City, CA), each in triplicate.
Immunohistochemisty and Immunofluorescence
A total of 34 samples of hepatocellular, lung, cervical and gastric carcinomas (including 14 hepatocellular carcinoma, 6 lung adenocarcinoma, 6 cervical squamous cell carcinoma and 8 gastric adenocarcinoma specimens) were obtained from the Cancer Center of Sun Yat-Sen University and coded anonymously in accordance with local ethical guidelines, as stipulated by the Declaration of Helsinki and a protocol approved by the Review Board of the Cancer Center. Paraffin-embedded and formalin-fixed samples were cut into 5 m sections, which were then processed for immunohistochemistry as previously described (25) . Following incubation with the Ab against human CD68 (DakoCytomation, Glostrup, Denmark) or C/EBP Ab (Santa Cruz Biotech., Santa Cruz, CA), the adjacent sections were stained using the EnVision System (DakoCytomation). Negative controls were performed by replacing the specific primary Ab with isotype matched control Ab at the same concentration.
Fixed cells or frozen tissues were double stained with rabbit anti-human CD68 and mouse anti-human C/EBP Ab, followed by incubation with Alexa Fluro 488-conjugated goat anti-rabbit IgG and Alexa Fluro 555-conjuagted goat anti-mouse IgG (Molecular Probes, Carlsbad, CA). Nuclei were then stained with 4'-6-diamidino-2-phenylindole. Images were assessed with a scanning confocal microscope (LSM510 META, ZEISS, Jena, Germany) and analyzed by 
ELISA
Cytokine concentrations in the culture supernatants were determined by ELISA kits according to the manufacturer's instructions (eBioscience, San Diego, CA).
Immunoblotting
The cell lysates were extracted as previously described (24) . Equal amounts of cellular proteins were separated by 10% SDS-PAGE, immunoblotted with mouse anti-human C/EBP mAb, and visualized with a commercial ECL kit (Pierce, Rockford, IL). To confirm that each lane received the same amount of proteins, the blots were stripped and reprobed with rabbit anti-human GAPDH Ab (Abcam, Cambridge, UK).
Vector construction
To construct the miR-155 expression vector (pc3-miR-155), a 351 bp DNA fragment encompassing the mature miR-155 sequence and its 5'-and 3'-flanking regions (135 bp and 194 bp, respectively) was amplified with primers 5'-GCT GAA TTC TAC CTG TCA CCT TGG CTC TCC-3' and 5'-GCT TCT AGA GGT TGA ACA TCC CAG TGA CCA-3', and then cloned into pCDNA3.0 (Invitrogen).
To produce pGL3cm-C/EBPβ-3'-UTR-WT plasmid, a wild-type 3'UTR segment of human C/EBP-β mRNA containing the putative miR-155 binding sequence (1772-1794 nt) was amplified using primers 5'-GAT GAA TTC ACA CGG GAC TGA CGC AAC-3' and 5'-GAT TCT AGA CCC AAA AGG CTT TGT AAC CA-3', and then was inserted downstream of the stop codon of firefly luciferase in the pGL3cm as described previously (26) . The pGL3cm-C/EBPβ-3'-UTR-MUT vector, which carried mutated sequence in binding sites of miR-155 ( Figure 4A ), was generated using fusion PCR method with the following primers 5'-AAA AGT GTT CTT TTA CCT TGA AAC GGA AAA G-3' and 5'-CTT TTC CGT TTC AAG GTA AAA GAA CAC TTT T-3'.
Luciferase Reporter Assay 293T cells were seeded at 4 × 10 4 /well in 48-well plates and co-transfected with 400 ng of pc3-miR-155 or pcDNA3.0, 20 ng of pGL3cm-C/EBPβ-3'-UTR-WT or pGL3cm-C/EBPβ-3'-UTR-MUT, and 4 ng of pRL-TK (Promega) using calcium phosphate precipitation. Luciferase assay was performed as reported (26) .
Oligonucleotides and transfection experiments
The hsa-miR-155 mimic was an RNA duplex designed as described previously (27) , with the following sequence (sense/antisense): 5'-UUA AUG CUA AUC GUG AUA GGG G-3'/5'-CCU AUC ACG AUU AGC AUU ACU U-3'. The control RNA duplex (named as NC), with the sequence of 5'-UCA CAA CCU CCU AGA AAG AGU AGA-3' /5'-UAC UCU UUC UAG GAG GUU GUU AUU-3', was non-homologous to any human genome sequences. The anti-miR-155 (5'-ACC CCU AUC ACG AUU AGC AUU AA-3') was a 2'-O-methyl-modified oligoribonucleotide designed as an inhibitor of hsa-miR-155. The anti-miR-C (5'-GUG GAU AUU GUU GCC AUC A-3') was used as a negative control for anti-miR-155 in the antagonism experiment. Both miRNA duplexes and miRNA inhibitors were obtained from Genepharma (Shanghai, China). The small interference RNA (siRNA) targeting human C/EBP (si-C/EBP, identification number 114496 and catalog number 16708) and the negative control siRNA (si-NC, catalog number 4635) were purchased from Ambion (Austin, TX).
Transfection with small RNAs was performed using Lipofectamine RNAiMAX (Invitrogen) according to the manufacturer's protocol for reverse transfection. HepG2 cells were seeded in antibiotic-free DMEM with 10% FBS and reversed-transfected with indicated RNA oligonucleotides. Fifty nM of RNA duplex and miRNA inhibitor were used for each transfection, unless otherwise noted. For monocytes, cells were pretreated with 15% TSNs for 24 h, followed by reverse transfection with 50 nM of hsa-miR-155 duplex, siRNA or respective control oligonucleotides and then incubated with DMEM with 10% human AB serum. Twenty-four hours after transfection, monoctytes were washed twice and recultured in medium alone or with 15% HepG2-TSN for 8 h, the supernatants were collected for ELISA and the cells were processed for Western blot assay.
Statistical analysis
All data are represented as means ± SEM from at least three separate experiments. The difference between two groups was analyzed using a two-sided Student's t-test. Differences were considered statistically significant at p < 0.05.
Results
Expression of C/EBP protein is upregulated in tumorassociated Mφ
C/EBP is known to transcribe a large number of cytokine-encoding genes that are important for inflammatory responses of monocytes/Mφ, such as TNF-, IL-6 and IL-10 (28-32). To investigate the potential role of C/EBP in TAM, we first examined its expression in Mφ by immuno-staining serial sections of human tumor samples with CD68 (marker for monocytes/Mφ) and C/EBP. In hepatocellular carcinomas, CD68-positive cells were present in all areas of tumor and non-tumor tissues, but often predominantly in the stroma surrounding the cancer nest. Compared to the Mφ in non-tumor tissues, much higher levels of nuclear C/EBP was found in Mφ in peritumor stroma and cancer nests ( Figure 1A ). C/EBP was also abundantly expressed in cancer cells, but was weakly expressed on a fraction of Mφ in the adjacent nontumor tissues. Using confocal microscopy, we confirmed that about 80% of Mφ in the peritumoral stroma and cancer nest showed marked expression of C/EBP ( Figure 1B) . Similar results were obtained in the tissues from human gastric cancer, cervical carcinoma and lung cancer (data not shown), indicating the increased expression of C/EBP in TAM is a common phenomenon in C/EBP expression is correlated with cytokine production in TSN-exposed monocytes TAM are almost entirely derived from peripheral blood monocytes (3, 7) . We have recently found that TSNs from different tumor cell lines can mimic the tumor microenvironment to induce the formation of suppressive Mφ and dendritc cells in vitro with phenotypic features similar to those isolated from solid tumors (9, 10) . Therefore, we used this model to investigate the regulatory mechanisms of C/EBP in freshly isolated monocytes after their initial exposure to TSNs. As shown in Figure 2A , exposure of monocytes to TSNs from most solid tumor types used in our study, including U251, SK-Hep-1, hepG2, 95D and HeLa, induced markedly increased expression of C/EBP in monocytes at 24 h, which was sustained for at least 144 h (data not shown). In contrast, the TSN from leukemia cells (THP-1), which did not affect the polarization of Mφ (9), failed to affect the expression of C/EBP in monocytes (Figure 2A) . These results were further confirmed by confocal microscopic analysis, showing that most monocytes exhibited an increased C/EBP expression after exposure to TSNs ( Figure 2B ). The TSNs we used did not contain any measurable levels of TNF-, IL-10, IL-1, or IL-12, except for a low concentration of IL-6 (227 ± 53 pg/ml).
C/EBP is also knwon to regulate the transcription of cytokine genes in monocytes/Mφ following stimulation by microbial products (16) . Indeed, stimulation of monocytes with LPS resulted in a rapid up-regulation of C/EBP protein in these cells and accumulation of TNF-, IL-6, and IL-10 in the culture supernatants ( Figure 2C ). Pretreatment of monocytes with polymyxin B effectively blocked the activity of LPS, but did not affect the TSN-induced C/EBP expression and cytokine production in parallel experiments ( Figures 2C and 2D ). In addition, TSN from THP-1 cells, which did not affect the C/EBP expression in monocytes, had only marginal effect on the cytokine production profiles ( Figure 2D ). These results suggest that TSNs trigger the C/EBP upregulation and cytokine production in monocytes via a mechanism different from that associated with LPS-stimulation, and that the expression of C/EBP in monocytes coincided with accumulation of cytokine production.
Expression of C/EBP protein is inversely correlated with miR-155 expression in TSN-exposed monocytes
To elucidate the underlying mechanism for the induction of C/EBP in TAM, we examined the kinetic expression of C/EBP mRNA and protein in TSN-exposed monocytes over a 24 h time course. Interestingly, an increased level of C/EBP protein was already observed in monocytes at 2 h after TSNs treatment, and maintained for at least 24 h ( Figure  3A) . However, the level of C/EBP mRNA was essentially unchanged in TSN-exposed monocytes, suggesting that the expression of C/EBP is posttranscriptionally regulated.
miRNAs have emerged as crucial regulators that suppress gene expression at the translation level. By using target prediction programs TargetScan and miRanda, we found a set of potential miRNAs that may target C/EBP, including miR-155. Since miRNA-155 has emerged as a key regulator in the homeostasis and function of immune system (33), we hypothesized that this miRNA may suppress posttranscriptionally the expression of C/EBP in TSN-exposed monocytes. To test this assumption, we initially examined the kinetic changes of miR-155 expression over a 24 h time course in TSN-treated monocytes. As shown in Figure 3 , while the level of C/EBP protein but not that of mRNA significantly increases, the miR-155 level displayed a sharp decrease after TSN-treatment. The altered expression levels of both C/EBP and miR-155 became evident at 2 h after TSN-exposure and maintained till the end of experiment ( Figures 3A and 3B) . In contrast, stimulation of monocytes with LPS resulted in a rapid increase in miR-155 accumulation, reaching the peak at 8 h and then gradually declined ( Figure 3B ). These data support our previous finding that TSNs and LPS regulated Mφ activation via different mechanisms (9) and suggest that miR-155 may be involved in control of C/EBP expression in TSN-exposed monocytes.
C/EBP is a direct target of miR-155
To validate whether C/EBP was a direct target of miR-155, dual-luciferase reporter system was first employed. A human C/EBP 3'UTR, containing the wild-type or mutant putative binding site for miR-155 ( Figure 4A ), was cloned downstream of the firefly luciferase reporter gene. As shown in Figure 4B , co-transfection with miR-155 expression vector (pc3-miR-155) significantly decreased the luciferase activity of the reporter vector containing the wild-type 3'UTR of C/EBP, but had no effect on the mutant 3'UTR of C/EBP ( Figure 4B ), indicating that miR-155 can regulate gene expression through the putative binding site in the 3'UTR of C/EBP mRNA.
Next, we evaluated the capacity of miR-155 to regulate the endogenous C/EBP. The mRNA and protein levels of C/EBP were examined in HepG2 cells transfected with miR-155 duplex. In comparison with NC-transfectants, hsa-miR-155-transfected cells revealed a significant reduction (~80%) in the C/EBP protein level ( Figure 4C , upper panel). Conversely, no fluctuation in C/EBP mRNA levels was observed after miR-155 transfection ( Figure 4C , lower panel). In particular, all three isoforms of C/EBP were downregulated by miR-155, as they share the same 3'UTR (Data not shown). To further confirm these observations, anti-miR-155 was transfected to inhibit the endogenous miR-155 in HepG2 cells. Compared with the anti-miR-C-transfected cells, anti-miR-155-transfectants showed a moderate increase in the C/EBP protein but not mRNA level ( Figure 4D ). All the above results suggest that miR-155 can directly regulate the expression of C/EBP protein in vivo.
miR-155 regulates the cytokine production in TSN-exposed monocytes through targeting C/EBP
Having established the role of miR-155 in regulating C/EBP expression in cells, we then examined the possibility that miR-155 regulates the cytokine production in TSN-exposed monocytes through targeting C/EBP. TSN-pretreated monocytes were transfected with control RNA duplex (NC) or miR-155 duplex and then incubated with DMEM with 10% human AB serum. Twenty-four hours after transfection, monoctytes were re-exposed to HepG2-TSN or medium alone for another 8 h. Interestingly, although restimulation with TSNs increased the level of C/EBP in NC-transfectants, TSNs were unable to induce the expression of C/EBP in miR-155-transfected cells ( Figure 5A) . Furthermore, the level of C/EBP in monocytes transfected with miR-155 was obviously lower than those with NC duplex, in the case of re-exposure to either TSNs or medium alone ( Figure 5A ). Consistent with these results, miR-155-transfectants showed an attenuated cytokine production in monocytes after TSN-restimulation ( Figure 5B ). These results suggest that miR-155 may confer a major impact on the cytokine production of TSN-exposed monocytes via targeting the C/EBP.
To gain further evidence that miR-155 regulates the cytokine production in TSN-exposed monocytes through targeting C/EBP, we used siRNA against C/EBP to assay its function. As shown in Figure 6A , transfection of siRNA into HepG2 cells effectively downregulated C/EBP in both mRNA and protein levels. When the same siRNA was used to transfect TSN-exposed monocytes ( Figure 6B ), we found that the introduction of si-C/EBP significantly blocked the cytokine production in monocytes after TSNs re-exposure ( Figure 6C ). These results indicate that TSN-treatment may trigger the cytokine production in monocytes by downregulating the miR-155 expression to release its translational inhibition of transcript factors C/EBP.
Discussion
Tumor microenvironment is known to dynamically educate the recruited monocytes to take on distinct phenotype at different locations. The present study shows that the expression of C/EBP, a key transcription factor to modulate inflammatory cytokine expression, was increased in TAM both in vitro and human tumors in situ. Notably, tumor microenvironment elicit upregulation of C/EBP via a mechanism different from that associated with LPS, which was correlated with sustained reduction of miR-155. Moreover, we provided evidence that miR-155 directly targeted C/EBP mRNA and regulated its expression via post-transcriptional mechanisms, which in turn interrupted the function and differentiation of TAMs by producing distinct cytokine profiles.
The casual relationship between inflammation, immunity and cancer is now widely accepted (34, 35) . In neoplasia, M constitute a major component of the inflammatory infiltrates and produce a number of inflammatory mediators to potentiate tumor progression (3). Accordingly, activation of the master inflammatory transcription factor NF-B has been shown to promote tumor progression in inflammationassociated cancers (36) . Here, we showed a marked expression of nuclear C/EBP in intratumoral monocytes/M from several types of human cancers. Data from in vitro study showed that exposure to tumor environment resulted in a rapid increased C/EBP expression in monocytes, an effect which is correlated to their cytokine production. Moreover, silencing of C/EBP efficiently attenuated the cytokine production in TSN-exposed monocytes. In addition, We recently observed that autocrine inflammatory cytokines (TNF- and IL-10) released from TSN-treated monocytes stimulated expression of PD-L1 (also termed B7-H1) which could effectively suppress tumor-specific T cell immunity and contribute to the growth of human tumors in vivo (37) . These results indicate that C/EBP is an important transcription factor involved in modulating the function of monocytes/M in human tumors. This notion is supported by previous reports showing that C/EBP is a crucial regulator for cytokine production in M upon stimulation with a variety of stimuli, including LPS and IL-6 (28, 29) . Previous studies have shown that the expression of C/EBP could be regulated by several different mechanisms, including transcriptional up-regulation, post-translational modifications and nuclear translocation (13, 16) . In this context, LPS is known to upregulate C/EBP expression at both mRNA and protein levels (16) . Apparently, the tumor environment induces C/EBP expression in monocytes/M via a mechanism different from that associated with LPS, which is not affected by polymyxin B. Moreover, we found that exposure to TSNs led to an increased expression of C/EBP protein, but did not affect its mRNA, suggesting that the expression of C/EBP protein in TAM is regulated at post-transcriptional level.
Mammalian miRNAs have emerged as the key post-transcriptional regulators of gene expression in various biological processes, including those linked to cancer and immunity (19) (20) (21) 38 ). The present study provides evidence that miR-155 regulates inflammatory cytokine production via C/EBP targeting. The results of 4 sets of experiments support this conclusion. First, bioinformatic analysis revealed that C/EBP is a potential target of miR-155, accordingly, the kinetics of C/EBP protein upregulation is closely correlated with that of miR-155 reduction in TSN-exposed monocytes. Second, the results from luciferase reporter assay demonstrated that miR-155 could regulate C/EBP protein expression through the conserved miR-155 binding site in the 3'UTR of the C/EBP mRNA. Third, the level of C/EBP protein is downregulated by ectopic expression of miR-155, but is upregulated by inhibition of endogenous miR-155 with synthetic inhibitor. However, both miR-155 duplex and anti-miR-155 oligonucleotides did not affect the expression of C/EBP mRNA, which further support the posttranscriptional regulation of C/EBP expression by miR-155. Forth, the forced expression of miR-155 resulted in an attenuated C/EBP protein expression as well as the cytokines production in monocytes after TSN-stimulation. These results clearly indicate that C/EBP is a bona fide target for miR-155 and that miR-155 controls cytokine production in TSN-exposed monocytes by releasing its translational inhibition of C/EBP.
In our experiments, ectopic expression of miR-155 is more potent than si-C/EBP in inhibiting IL-10 production, which indicates that other regulatory pathway may contribute to the miR-155 mediated cytokine production in TSN-exposed monocytes. Rodriguez and colleagues have recently shown that c-Maf is also the putative target of miR-155 (33) , and ectopically expressed c-Maf is sufficient to trigger IL-10 production by immune cells (39, 40) . In addition to miR-155, several other miRNAs, including miR-146 and miR-150 have been shown to play pivotal roles in the inflammatory responses and hematopoiesis of immune cells (21, 41) . MiR-146 can attenuate expression of the innate signaling proteins IRAK1 and TRAF6, suggesting a possible regulatory role for miR-146 in human monocytes during Toll-like receptor signaling (41) . Therefore, characterization of the physiological roles of miR-155 as well as other miRNAs in myeloid cells may provide new avenues for better understanding the regulation and function of immune system in tumor environments.
Aberrant miRNAs expressions have been observed in different types of cancer and their expression signatures can be extremely informative for cancer diagnosis (42, 43) . However, the pathophysiologic roles of miRNAs as well as the molecular mechanisms by which miRNAs regulate the tumor progression are still largely unknown. The present study showed that tumor environment causes a sustained reduction of miR-155 in monocytes/M, which in turn regulates the functional activities of monocytes/M by releasing its translational inhibition of transcription factor C/EBP. Interestingly, several recent studies have shown that miR-155 increases substantially after exposure of monocytes/ M and myeloid dendritic cells to a variety of inflammatory stimuli (44, 45) . Therefore, further elucidation of miR-155 targets and their roles in regulating M activities in different microenvironments might provide a novel molecular basis for selective modulating M activities in tumors.
